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Chemical dispersants were employed on an unprecedented scale during the Deepwater Horizon 
oil spill in the Gulf of Mexico, and could be a response option should a large spill occur in Arctic 
waters. The use of dispersants in response to that spill raised concerns regarding the need for 
chemical dispersants, the fate of the oil and dispersants, and their potential impacts on human 
health and the environment. Concerns remain that would be more evident in the Arctic, where 
the remoteness and harsh environmental conditions would make a response to any oil spill very 
difficult. An outcome of a 2013 Arctic oil spill exercise for senior federal agency leadership 
identified the need for an evaluation of the state-of-the-science of dispersants and dispersed oil 
(DDO), and a clear delineation of the associated uncertainties that remain, particularly as they 
apply to Arctic waters.   
 
The National Oceanic and Atmospheric Administration (NOAA), in partnership with the Coastal 
Response Research Center (CRRC), and in consultation with the U.S. Environmental Protection 
Agency (EPA) embarked on a project to seek expert review and evaluation of the state-of-the-
science and the uncertainties involving DDO. The project focused on five areas and how they 
might be affected by Arctic conditions: dispersant effectiveness, distribution and fate, transport 




The objectives of the State-of-the-Science of Dispersants and Dispersed Oil in U.S. Arctic 
Waters project were to: 
 Identify the primary research/reference documents on DDO, 
 Determine what is known about the state-of-the-science regarding DDO, 
 Determine what uncertainties, knowledge gaps or inconsistencies remain regarding DDO 
science, and 
 Provide recommendations on outreach/education materials needed for senior leadership 
to be prepared for communicating science regarding dispersant use in spill response. 
3.0 Dispersant and Dispersed Oil Databases of Scientific Literature 
 
CRRC created a database that compiled relevant research from 2008 through December 31, 
2015.  Research documents not published in peer reviewed scientific publications were included 
as part of this project if CRRC determined those references were subject to the appropriate 
review standards for each organization. The CRRC database was continually updated during the 
project as new research was identified by the expert scientific panels. The database, which is 
searchable, is available to the public through CRRC along with the subject area documents 
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developed by each of the scientific panels. This effort also looked at the Louisiana University 
Marine Consortium (LUMCON) database that captured relevant literature prior to June 2008. 
 
4.0 Project Process 
 
The CRRC coordinated a discussion among scientists with dispersant research expertise, as well 
as those with Arctic expertise, to determine the state-of-the-science (knowns and uncertainties) 
regarding DDO, as it applies to Arctic waters. Scientific panels for each subject area were 
selected for their knowledge and expertise in that field.  The Project Steering Committee, 
including the NOAA and EPA Project Liaisons, assisted CRRC in identifying individuals with 
dispersants and/or Arctic expertise.  In developing each of the documents these panels reviewed 
relevant literature and, based on their expertise, developed statements of knowns and 
uncertainties regarding each focal topic.  
 
The Steering Committee identified five general subject areas that were deemed important to 
understanding the State-of-the-Science of DDO.  Separate scientific panels convened to focus on 
each of the following topics: 
 Efficacy and Effectiveness; 
 Physical Transport and Chemical Behavior; 
 Degradation and Fate; 
 Eco-Toxicity and Sublethal Impacts; and  
 Public Health and Food Safety. 
 
The process was initiated in January 2015 with a five-day workshop being conducted, one day 
for each subject area.  Once established, each scientific panel continued to have regular 
conference calls over the next two to three years to continue the literature review and develop the 
knowns and uncertainties documents for each subject area.  Dispersant use policies, including 
operational issues are not within the scope of this project and are not addressed in these 
documents. 
 
5.0   Public Input Process 
 
Each of the five subject area draft documents was released for a thirty-day public input period. 
Reviewers were asked to document their comments or recommend changes, substantiated by a 
citation of a peer reviewed research paper.  Each scientific panel considered all relevant public 
input received on the draft documents, and when deemed appropriate, amended the original 
wording. The final subject review documents were released along with the database for each 
topic. (A sample public input form can be found here http://crrc.unh.edu/dispersant_science). 
 
6.0  Scientific Panel  
 
The scientific panels consisted of a broad spectrum of national and international experts.  Their 
names are listed at the end of each document.   
 
The scientific panel for Public Health and Food Safety met initially via face-to-face for 10 hours 
in January 2015 and then an additional 100+ hours of e-conference meetings (February 2015 to 
January 2019) reviewing publications, discussing the science, writing/editing the draft document 
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and reviewing and addressing the public input for accuracy. Numerous additional hours were 
spent by the panelists in preparation for meetings and their individual reviews of the documents. 
 
 
Disclaimer - This “State-of-the-Science on Dispersant Use in Arctic Waters: Public Health and Food Safety” 
document presents a compilation of individual opinions of the participants in this session of the State-of-the-Science 
for Dispersant Use in Arctic Waters initiative.  To the extent that the Federal Government requested certain 
information, it did so on a purely individual basis. Similarly, the information herein was presented to the Federal 
Government by individual participants and represent the participants’ individual views and policies.  Therefore, the 
statements, positions, and research opinions contained in this document do not reflect any consensus on the part of 
any of the participants and may not necessarily reflect the views or policies of any individual federal department or 
agency, including any component of a department or agency that participated in developing this document.  No 
federal endorsement should be inferred. 
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State-of-the-Science for Dispersant Use in Arctic Waters 
Public Health and Food Safety  
 
Contents of this document: 
 
I. Human Health and Toxicity 
A. Human Exposure to Dispersants and Dispersed Oil 
B. Potential Toxicological Impacts of Dispersants and Dispersed Oil 
II. Human Health Risk Assessment 
III. Risk Communication 
IV. Arctic Seafood Safety 
General Statement: 
The information provided under each topic includes a general statement, knowns, and 
uncertainties. This document provides the state of the knowledge by capturing observations 
obtained from multiple disciplines including toxicology, risk assessment, food safety, and risk 
communication. When there are limitations of information specific to the Arctic, we have chosen 
to consider relevant data from the scientific literature regardless of the geographic location. The 
panel acknowledges that the resources accessed for this document were restricted to information 
published (including advance publications) prior to December 31, 2015, and is aware of relevant 
and impactful references published since that time, that would add value for the topics discussed 
in this document. 
 
I. Human Health and Toxicity  
  
A. Human Exposure to Dispersants and Dispersed Oil 
General Statement: 
Individuals directly handling dispersants or in the immediate vicinity of dispersant applications 
during the Deepwater Horizon (DWH) oil spill may have been at greater risk of exposure and 
adverse effects than the general population.  Exposure to dispersant-treated oil is also likely to be 
greater for response personnel.  For the potential adverse health effects related to these 
exposures, see Section I. B. Potential Toxicological Impacts of Dispersants and Dispersed Oil. 
 
  
     Public Health and Food Safety  
 
                               Coastal	Response	Research	Center																																																																Page 5	
University of New Hampshire 
Gregg Hall, 35 Colovos Road, Durham, New Hampshire 03824-3534 
Tel: 603-862-0832    fax: 603-862-3957   http://www.crrc.unh.edu 
 
Knowns: 
1. During the DWH oil spill, Corexit 9500 and 9527, containing dioctyl sodium 
sulfosuccinate, dipropylene glycol monobutyl ether (9500 only), 2-butoxyethanol (9527 
only), and other ethoxylated alcohols, were applied from aircraft, vessels and/or subsea 
injection.  
 
2. NIOSH (2011) reported that personal breathing zone and area air monitoring samples 
from two vessels were analyzed for several contaminants, including propylene glycol (a 
component of the dispersant), before and after a 50-gallon surface application of Corexit 
9500 during the DWH incident.  Aircraft application of an additional 125 gallons also 
occurred. NIOSH reported, “The measured substances were either not detected or were 
present at low concentrations below occupational exposure limits (OELs).”     
 
 However, “the lack of significant exposures to VOCs may reflect the lack of high 
volatility compounds from the oil at those worksites. Higher volatility compounds 
initially present in the oil may have dissipated shortly after release and during the 
weathering process so that concentrations on vessels and onshore were minimal” [by 
the time the measurements were recorded]. (NIOSH, 2011). The VOCs may also have 
dissolved (OSAT, 2010). 
 NIOSH used a convenience sampling approach to collect their measurement data. 
Thus, “it is recognized that changing conditions at worksites may present 
opportunities for exposures at levels differing from results obtained on the days 
NIOSH teams were present.” (NIOSH, 2011) 
3. Depending upon incident conditions, there is a range of potential occupational (response 
workers) and non-occupational exposures to dispersants and dispersed oil from shorelines 
to offshore (Picou and Martin, 2007; OSAT, 2010; Aguilera et al., 2010; NIOSH, 2011; 
Avens et al., 2011; Dickey, 2012). Potential exposure routes include inhalation, dermal 
and ocular contact, and ingestion. Occupational exposures can be minimized by the 
appropriate use of personal protective equipment (PPE).  
 
4. During the DWH oil spill, specific dispersant- and oil-related chemical compounds were 
measured in environmental media, such as air and water. 
 
 The NIOSH Health Hazard Evaluation noted that offshore workers reported contact 
with dispersants.  There was “no evidence of exposure to dispersant” by workers at 
shore cleaning sites following the DWH oil spill (NIOSH, 2011). 
 Operational Science Advisory Team (OSAT) found that none of the 6,000 water 
samples containing oil-and dispersant-related chemicals that were measured exceeded 
U.S. EPA benchmarks for protection of human health following skin contact and 
     Public Health and Food Safety  
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incidental ingestion by a swimmer (potential cancer and non-cancer risks) (OSAT, 
2010). 
 Potential exposure to specific oil and dispersant compounds via seafood consumption 
was considered below levels of concern (Ylitalo et al., 2012).   
 DOSS concentrations in edible tissues of Gulf crab and finfish following the DWH 
oil spill were well below established levels of public health concern (Dickey and 
Dickhoff, 2011; Ylitalo et al., 2012; Fitzgerald and Gohlke, 2014). 
[Note: For a discussion of potential exposure to dispersants or dispersed oil resulting 
from seafood consumption, see Section IV. Arctic Seafood Safety.] 
 
Uncertainties: 
1. Rigorous quantitative exposure assessments relating to oil spill response operations are 
difficult to conduct and thus have been limited.  
2. The evaluation of chemical constituents when assessing human health risks following oil 
spills is not comprehensive, but is often focused on those components thought to be the 
most hazardous, based on the available science, see Section II. Risk Assessment below.  
 Data regarding background or baseline levels of exposure to oil- and dispersant-
related chemicals in the environment are important, but may be limited. 
 It may be difficult to attribute the exact sources of exposure because humans are 
commonly exposed to chemical constituents found in oil and dispersants through 
other environmental pathways (e.g., Hayworth and Clement, 2012; Dickey and 
Dickhoff, 2011; ATSDR, 1999). 
 The environmental fate, transport, and potential exposure to some dispersant 
formulations are inadequately characterized under field conditions. 
 Dispersants are designed to alter the fate and transport of crude petroleum. However, 
the potential for dispersants to increase or decrease the extent of human exposure or 
alter the route of exposure to crude oil is uncertain. 
 Biomarkers of exposure for some petroleum-based hydrocarbons have been evaluated 
in human studies (Andreoli et al., 2015; Noh et al., 2015; Pérez-Cadahia et al., 2008a; 
Elovaara et al., 2006; Kim, 2015), but not as yet for dispersant-derived 
components.  In all cases, such studies are limited by variability in timing between 
exposure and sampling, heterogeneity within human populations, other sources of 
exposure to petroleum-based compounds, and challenges in obtaining appropriate 
biological samples.  
     Public Health and Food Safety  
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 The lack of available biomarkers is consistent with the following statement: “CDC 
and ATSDR guidelines issued during the Deepwater Horizon Oil Spill did not 
recommend the use of laboratory testing for specific chemicals to either determine 
exposure or guide delivery of clinical care…” (Centers for Disease Control and 
Prevention (CDC) ATSDR, 2011).  
3. Limitations in exposure data make it difficult to fully elucidate and reliably disentangle 
health effects of oil alone, dispersant alone, dispersed oil or any combination of these.  
Limitations include:  
 The remoteness and extreme environmental conditions of Arctic locations where oil 
spills may occur can make rigorous exposure assessments challenging. 
 Response work activities and other sources of exposure will vary over time and 
geographic space, so a finite set of empirical observations may not fully represent all 
conditions encountered.  
B. Potential Toxicological Impacts of Dispersants and Dispersed Oil 
General Statement: 
The toxicity of individual constituents of Corexit 9500 and 9527 dispersant formulations have 
been evaluated. (See reviews by Dickey and Dickhoff, 2011 and Fabisiak and Goldstein, 2011, 
for example). However, other commercial dispersant formulations and dispersed oil, including 
oil dispersed using Corexit 9500 and 9527, have not been well characterized toxicologically in 
appropriate mammalian models. We refer the reader to the State-of-the-Science for Dispersant 
Use in Arctic Waters: Eco-Toxicity and Sublethal Impacts report for a summary of knowns and 
uncertainties in a wide variety of marine species.   
 
Although trace metals are components of oil, metals were not addressed in this document 
because they have not been considered as primary drivers of oil toxicity.  The levels of metals 
analyzed in seafood after the DWH incident were not different from baseline levels in samples 
that were collected prior to the oil spill or from areas that were not directly impacted by the oil 
spill (U.S. FDA DWH Phase III Surveillance Samples – Metals: October 12, 2010 to June 21, 
2011; Fitzgerald and Gohlke, 2014).  However, data on how dispersants may impact the toxicity 
of metals in oil is limited (Gohlke et al., 2011).  
 
What follows is a summary of toxicological literature regarding what is known and what is 
uncertain about the adverse effects of dispersants, their components, and dispersed oil, primarily 
in mammalian species. The summary focuses on three areas: in vitro culture studies, animal 
studies and human health effects.  In vitro and non-human animal studies are often most useful 
as part of tiered analyses of adverse effects in humans. It should be noted that conditions used in 
experimental toxicological studies may not reflect route, dose or duration of exposure 
encountered in the field. 
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a. In vitro culture studies  
Knowns: 
1. Several in vitro studies using various Corexit formulations and other oil dispersants and 
oil-dispersant mixtures have been conducted to evaluate cytotoxicity to mammalian 
cultured cells.  
 Cytotoxicity to HepG2 cells, along with markers of oxidative stress and 
mitochondrial dysfunction, were observed with Corexit 9500 and 9527 (LC50 ≈ 250 
ppm), which appeared related to the content of the surface active component dioctyl 
sodium sulfosuccinate (DOSS) (Bandele et al., 2012).  
 
 Corexit 9527 and 9500 were cytotoxic to A549 human lung epithelial cells (LC50 ≈ 
200 ppm) (Shi et al., 2013). 
 In five mammalian cell lines, different from those mentioned previously, cytotoxicity 
of Corexit 9500 has been observed, with LC50s ranging from 16 to 95 ppm (Zheng et 
al., 2013). 
 
 Mixtures of water-accommodated fractions (WAF) of DWH oil and Corexit (9527 or 
9500) (chemically-enhanced-WAF (CEWAF)) were more cytotoxic to A549 lung 
epithelial cells than WAF prepared from oil alone (Wang et al., 2012).  Major et al. 
(2012) hypothesized that this occurred because of the increased chemical complexity 
and concentration of petroleum-derived compounds contained within the CEWAF. 
 Two dispersants, JD 2000 and SAF-FRON GOLD were significantly less cytotoxic 
(LC50s > 1000 ppm), in HEPG2 and HEK293 cell lines, compared to six other oil 
dispersant products chosen from the NCP (LC50s, 28-670 ppm). The LC50s for 
Corexit 9500 were 120-410 ppm (Judson et al., 2010).  
 Corexit 9500 and 9527 were cytotoxic to sperm whale skin fibroblasts over a range of 
50-1000 ppm (LC50s ≈ 350 and 700 ppm, respectively) (Wise et. al., 2014).  
2. Biological actions other than cytotoxicity of Corexit dispersants have also been 
demonstrated using in vitro approaches. 
 Using RNAseq to study global changes in gene expression, prolonged exposure 
(approximately 3 months) to Corexit 9500 alone and Corexit 9527 plus DWH oil 
produced differential expression of 84 and 46 genes, respectively in BEAS2B human 
airway respiratory cells (Liu et al., 2016; electronic publication in 2015).  
 Two of eight oil dispersant products (Nokomis 3 and F4ZI-400) tested showed a 
weak estrogen receptor signal in a cell-based multiplexed reporter gene assay battery 
contained in U.S. EPA ToxCast program (Judson et al., 2010). 
     Public Health and Food Safety  
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 DOSS, a major component of Corexit dispersants was characterized as a possible 
“obesogen” based on its ability to drive peroxisome proliferator-activated receptor 
gamma (PPAR)-dependent gene reporter activity in vivo and in vitro, and adipocyte 
differentiation in vitro (Temkin et al., 2016; electronic publication in 2015). 
 Corexit 9527 induced dose-dependent chromosomal aberrations in sperm whale skin 
fibroblasts throughout the range of 50-500 ppm, and required metabolic activation by 
a liver S9 fraction for maximal effect. Corexit 9500 only “induced a minimal increase 
in genotoxicity in sperm whale skin cells”, was independent of S9 activation, and did 
not show a simple dose response relationship (Wise et al., 2014). 
Uncertainties: 
1. While in vitro cell culture assays may serve well as initial screens to test potential 
chemical toxicity, their overall relevance to predict human adverse effects following real-
world exposures cannot be assumed. Detailed experimental validation of in vitro results 
is required to support extrapolation to human adverse effects. 
2. Differences in results among in vitro studies may arise through the use of different cell 
lines, culture conditions and differences in exposure form, dose and duration.  
3. Differences in results among in vitro studies may also reflect the use of different source 
oil and dispersant formulations. 
b. Animal Studies 
Knowns: 
1. Shortly after the DWH incident, NIOSH undertook a series of experimental studies using 
whole animal exposure to Corexit 9500. 
 Following dermal exposure in mice, Corexit 9500 (EC3= 0.4%), and its component 
DOSS (EC3=3.9%), were identified as irritants and tested positive for allergic contact 
sensitization in the Local Lymph Node Assay and Mouse Ear Swelling Test 
(Anderson et al., 2011). 
 Acute inhalation exposure to Corexit 9500 (27 mg/m3, 5 hr.) produced transient 
potentiation of adrenoreceptor agonist-induced increases in heart rate and blood 
pressure along with increased peripheral arterial vasomotor tone in rats (Krajnak, et 
al., 2011).  No evidence of lung inflammation was observed following the same 
exposure, while dynamic lung compliance was transiently decreased in the absence of 
changes in breathing rate or airway resistance (Roberts et al., 2011). 
 Repeated inhalational exposures of rats to Corexit 9500 (25 mg/m3, 5 hr. per day over 
9 days (5 days on; 2 days off; 4 days on)) showed little change in most cardiovascular 
     Public Health and Food Safety  
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and respiratory endpoints except transient elevations in heart rate (Roberts et al., 
2014). 
 Several biochemical indices of neural dysfunction were observed in brain tissue of 
rats exposed to a single acute inhalation dose of Corexit 9500 (27 mg/m3, 5 hr.) 
(Sriram et al., 2011). 
Uncertainties: 
1. Experimental toxicological studies on mammalian systems using oil dispersant products 
other than Corexit 9500A are limited.  
2. Differences in results among animal studies may reflect the use of different species, 
source oils, dispersant formulations, and exposure route, dose and duration.  
3. It is unclear how dispersant or dispersed oil exposure levels used in experimental animal 
studies compare with potential human exposures to dispersants or dispersed oil resulting 
from their use during oil spills. 
4. It is unclear how dispersant or dispersed oil toxicity determined in experimental animal 
studies compares with potential human toxicity to dispersants or dispersed oil resulting 
from their use during oil spills. 
5. Toxicities resulting from experimental exposure to dispersant and oil mixtures have not 
been well studied in mammalian systems.   
6. Knowledge regarding complex system toxicities (e.g., endocrine, immune, reproductive) 
that may result from exposure to dispersants or dispersed oil is limited. 
c. Human Health Effects 
Knowns: 
1. A Centers for Disease Control and Prevention (CDC) report on communities potentially 
exposed to dispersants and dispersed oil during the DWH oil spill concluded, “For 
several months CDC and state health departments tracked potential short-term health 
effects related to the oil spill in the affected communities. No trends in illnesses were 
identified by the multiple surveillance systems used. CDC surveillance did detect some 
complaints of non-specific symptoms such as throat irritation, eye irritation, nausea, 
headache and cough.”  (CDC/ATSDR 2011). 
 
2. Limited studies have been conducted to assess human health impacts following oil spills, 
including potential biomarkers of effect and the impact of non-chemical stressors. 
(Elovaara et al., 2006; Laffon et al., 2006; Pérez-Cadahia et al., 2007; Zock et al., 2007; 
Picou and Martin, 2007; Pérez-Cadahia et al., 2008a; Pérez-Cadahia et al., 2008b; Pérez-
Cadahia et al., 2008c; Meo et al., 2009; Aguilera et al., 2010; Rodríguez-Trigo et al., 
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2010; Goldstein et al., 2011; Monyarch et al., 2013; Laffon et al., 2013; Laffon et al., 
2014; NIOSH, 2011; Andreoli et al., 2015; Kim, 2015; Noh et al., 2015).    
 Such studies are often limited by sensitivity, variability in timing between exposure 
and sampling, heterogeneity within human populations, lack of specificity towards 
the ultimate source of exposure, and challenges in obtaining appropriate biological 
samples.  
 In most of these studies, dispersants were not used during the spill response. 
 There are some studies on the impacts of non-chemical stressors associated with oil 
spills (e.g., economic and social disruption, changes in resource availability, food 
security) on baseline mental health status in workers and communities (Osofsky et al., 
2014; Choi et al., 2015; Fan et al., 2015; Gould et al., 2015; Lowe et al., 2015; 
Osofsky et al., 2015; Rosenberg et al., 2015; Rung et al., 2015; Shenesey et al., 2015). 
(See #5 below regarding mental health studies.) 
2. Potential short-term health effects related to the DWH incident were evaluated in the 
affected communities by CDC and state agencies. 
 In door-to-door surveys conducted in Alabama and Mississippi coastal communities 
following the DWH incident in Aug 2010 and again in 2011, self-reported physical 
and mental health indicators were lower when compared to previous routine phone-
based surveys conducted by CDC in 2008-2009 (Buttke et al., 2012a; Buttke et al., 
2012b). 
 Results of the National Survey on Drug Use and Health indicated that there were 
increases in self-reported marijuana and alcohol use, past year depression, and 
suicidal indicators, but not other substance abuse or psychological indicators, in 
coastal counties after DWH (2011) as compared to before DWH (2004 and 2009) 
(SAMHSA 2013).   
 Results of the Gulf States Population Survey suggest no substantial differences in 
self-reported general, physical or mental health between coastal and noncoastal 
counties after the DWH, or between pre-DWH survey results (2004 and 2010) and 
post-DWH results within coastal counties; however, people living in coastal counties 
were more likely than those living in non-coastal counties to report decreased income 
or lost jobs because of the oil spill (SAMHSA 2013).  
3. As stated in NIOSH (2011), “Nonspecific symptoms such as headache, eye and 
respiratory irritation, and fatigue were more commonly reported by responders who self-
reported exposures to oil, dispersants, or other chemicals compared to workers who self-
reported no such exposures.”  
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4. Toxicological information found in hazard communication materials (e.g., CDC (2010b), 
NALCO (2012a, b), NLM (2014)), indicates potential for crude oil and dispersants to 
produce dermatological and systemic effects. (See Section III Risk Communication for 
additional discussion). 
5. Goldstein et al. (2011) reviewed potential mental health impacts of oil spills.  Changes in 
mental health, sometimes long-term, have consistently been observed after the Exxon 
Valdez (Palinkas et al., 1993; Gill and Picou 1998), Sea Empress (Lyons et al., 1999; 
Gallacher et al., 2007), Hebei Spirit (Choi et al., 2015) and Prestige oil spills (Sabucedo 
et al., 2009; Sabucedo et al., 2010).  Symptoms are usually characterized as depression, 
post-traumatic stress disorder (PTSD), and other anxiety disorders.  Mental health 
symptoms do not appear to be related to direct chemical exposure.  Symptoms in workers 
and residents of affected communities arise from multiple factors including fear of 
chemical exposure, loss of economic livelihood, and social disruption. 
 In the case of the DWH incident, psychological effects were observed in clean-up 
workers (Lowe et al., 2015) and their spouses (Rung et al., 2015), and resident adults 
(Osofsky et al., 2011) and may have been amplified by previous exposure to disasters 
such as Hurricane Katrina (Osofsky et al., 2010; Osofsky et al., 2011). 
 Severity and persistence of depressive and PTSD symptoms following natural and 
technological disasters, including oil spills, have been correlated to pre-disaster 
economic status (Dreshcher et al., 2014), degree of economic loss (Grattan et al., 
2011), perceived resiliency (Shenesey and Langhinrichsen-Rohling 2015), and “level 
of acculturation” (Norris et al., 2009).   More severe mental health impacts were 
observed in native indigenous people than in their non-indeigenous counterparts 
following the Exxon Valdez (Palinkas et al., 1992; Palinkas et al., 2004). Studies of 
the social effect of the Exxon Valdez on the residents of Cordova, AK showed 
continued prevalence of depressive and PTSD related symptoms up to 24 years after 
the incident. Some of these effects were confounded by factors such as the delay in 
the civil lawsuit and the collapse of the Prince William Sound herring fishery (Gill et 
al., 2014).  
 
Uncertainties: 
1. Baseline health information from exposed populations including potential sensitivities or 
vulnerabilities of ethnic groups (e.g., Alaska Natives) is limited (Yasuda et al., 2008; 
Hagan and Provost, 2009). The Alaska Native Tribal Health Consortium Epidemiology 
Center and the Alaska Cancer Registry are routinely collecting and updating these data, 
and numerous publications have become available since December 31, 2015.  
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 The limited studies available showed genetic differences in the principle xenobiotic 
metabolism and DNA repair pathways when comparing Inuit and Danish populations 
in Greenland (Ghisari et al., 2013, 2014). 
2. Although there is a growing number of non-human studies, there remains uncertainty 
regarding adverse human health effects resulting from exposure to chemically-dispersed 
oil and dispersants, especially on long-term effects (e.g., cancer, reproductive and 
developmental effects including endocrine disruption, and epigenetic changes) and 
interactions between chemical and non-chemical stressors (e.g., heat, psychosocial 
stressors). (See B.c.1 above).  
3. Limitations in many of the existing non-human toxicological studies include a) 
predominance of in vitro cell culture models and limited availability of in vivo studies, b) 
limited availability of studies on the effects of dispersed oil, and c) the frequent use of 
doses/concentrations that do not simulate real-world exposures.  
4. The extent to which dispersants can modify biological barriers and, thus, alter permeation 
of oil-derived chemicals through various routes at different levels of human exposure are 
unknown. 
5. Dispersant formulations have not been fully characterized toxicologically or 
environmentally under Arctic conditions. 
6. Limited field data are available to evaluate how dispersants in spill response may 
modulate the fate and transport, bioavailability and/or potential adverse human health 
effects of chemically-dispersed oil. 
7. Because of the limitations of observational study designs, causal associations between 
chemical exposures and self-reported symptoms may be confounded or modified by 
many factors such as physical stress, psychosocial stress, other chemical exposures, and 
pre-existing health conditions. 
 
II. Human Health Risk Assessment  
 
General Statement: 
According to the U.S. EPA, “A human health risk assessment is the process to estimate the 
nature and probability of adverse health effects in humans who may be exposed to chemicals in 
contaminated environmental media, now or in the future.”(Human Health Risk Assessment 
(https://www.epa.gov/risk/human-health-risk-assessment).  Human health risk assessments for 
environmental contaminants are undertaken either proactively, to develop safe exposure levels, 
or retroactively, to determine whether exposure levels exceed established guidelines.  Effective 
risk assessment involves careful consideration of potential hazards; identifying populations at-
risk and examining any potential dose-response effects; exposure assessment; and ultimately risk 
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characterization.  Varying levels of uncertainty are inherent in any risk assessment because of the 
difficulties in adequately determining exposure and characterizing human toxicity.   
 
Knowns: 
1. Community-based Participatory Research (CBPR) approaches are valuable for informing 
risk assessments by actively engaging spill-impacted communities in various research 
activities in a collaborative manner (Brown et al., 2012; Wilson et al., 2015).  “CBPR in 
public health is a partnership approach to research that equitably involves, for example, 
community members, organizational representatives, and researchers in all aspects of the 
research process, in which all partners contribute expertise and share decision making 
and responsibilities” (Israel et al., 2005). 
 Following the Exxon Valdez oil spill, concern about the health risks among the Alaska 
Native populations and the difficulty communicating these risks to the local 
populations, prompted the formation of the multi-stakeholder Oil Spill Health Task 
Force (OSHTF). While this group did not specifically follow CBPR, it did have many 
of the same elements (Nighswander, 1999).  
 Following the DWH oil spill, concern about health risks among Vietnamese-
American seafood consumers exposed to polycyclic aromatic hydrocarbons (PAHs) 
via consumption of contaminated shrimp prompted an additional risk analysis 
(Wilson et al., 2015). 
o “The risk assessment results show[ed] no acute health risks or excess cancer 
risk associated with consumption of shrimp containing the levels of PAHs 
detected in [the] study, even among frequent shrimp consumers” Acute health 
risks in this study were evaluated using U.S. EPA reference doses for non-
cancer health effects. 
2. Risk assessments in an Arctic environment will include species and oil and dispersant-
related exposure levels that are not common in other environments (e.g., marine mammal 
consumption).   
3. Risk assessments need to consider local observations, culture-based ideas concerning 
edibility, and traditional knowledge regarding resource conditions and behaviors (e.g., 
animal disorientation) (Fall, 1999; Fall et al., 1999; Nighswander and Peacock 1999).  
4. Many Arctic indigenous populations display a high background (pre-spill) body burden 
of various environmental chemicals (e.g., organochlorines) by virtue of their high 
concentration in traditional marine foods, especially in species occupying high trophic 
levels (Dewailly et al., 1993; Egeland et al., 1998; Van Oostadam et al., 2004).  
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5. Consumption patterns of various marine species, especially those at the apex of the food 
chain, by Arctic indigenous populations will likely be higher than many other coastal 
populations living elsewhere in the world (AKF&G, 2014). 
 
Uncertainties: 
1. Dispersants and oil are complex mixtures. There are thousands of incompletely 
characterized compounds in crude oil, and studies looking at the entire composition of 
crude oils have identified a number of compounds whose bioavailability (McKenna et al., 
2013) and toxicity is uncertain. As science progresses, additional data may refine the risk 
assessment process (e.g., chemicals of concern, toxic endpoints, exposure variables).  
2. There are many components of oil and dispersants for which toxicological reference 
values are inadequate or lacking.  
3. The ability to conduct an adequate exposure assessment cannot always be assured and 
this will present considerable uncertainty in the risk analysis. 
4. Because background human exposures include chemical constituents also found in oil 
and dispersants, it may be difficult to attribute the source of chemical exposure to any oil 
spill event.  
5. Baseline human health status among Alaska Native and other sub-populations may also 
be directly or indirectly affected by rapidly changing environmental parameters in the 
Arctic (e.g., climate change) (Bell et al., 2010; Clement et al., 2013). 
6. The degree to which the background body burden of environmental contaminants (e.g., 
organohalides) in Arctic indigenous populations influences the toxicity of oil- and 
dispersant-related components is not well characterized. 
 
III. Risk Communication  
 
General Statement: 
As defined by the U.S. EPA, “Risk communication is the process of informing people about 
hazards to their person, property, or community.  Scholars define risk communication as a 
science-based approach for communicating effectively in situations of high stress, high concern 
or controversy.”  (U.S. EPA, https://www.epa.gov/risk/risk-communication).  However, many 
risk communication experts feel this definition does not adequately capture the complexity of 
human nature in controversial situations nor acknowledge the requirement for bilateral exchange 
of information between risk communicators and concerned stakeholders.  Instead, a definition 
gaining favor includes “an interactive process of exchange of information and opinions among 
individuals, groups and institutions” concerning risk and potential risk to human health or the 
environment (NAS, 1989). This approach assimilates perceptions, concerns, and questions about 
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potential risks, and then develop information and strategies to address those concerns.  
Transparency in acknowledging the varying impacts and uncertainty unique in each risk 
determination is paramount to building and maintaining trust. Risk communication is particularly 
challenging during emergency events.   
As one example, how one considers risk to and from consumption of subsistence resources, 
compared to non-essential or even recreational resources is highly relevant to Arctic indigenous 
peoples.  While conducting day-long risk communication workshops among fisherman following 
DWH proved useful, tailoring that approach to populations living in Arctic environments is 
challenging.  Sincere collaboration between experts and communities in data-gathering 
campaigns and management strategies also builds credibility and effectiveness.    
 
Knowns: 
1. The following are examples of risk communication products that are available to workers 
and/or the community during oil spill incidents: 
 The Safety Data Sheets for Corexit 9500 (Nalco, 2012a) and 9527, (Nalco, 2012b) 
intended for use primarily by workers, includes, in part, the following:  
 
o “May cause skin irritation.” 
o “These products are not expected to be sensitizers.” 
o “May cause serious eye damage if not treated promptly.” 
o “Frequent or prolonged contact with products may defat and dry the skin, leading 
to discomfort and dermatitis.” 
 
 The National Institute for Occupational Safety and Health (NIOSH), National Library 
of Medicine (NLM) TOXNET (2014) indicates:  
o “Crude oil and its constituents, as well as oil dispersants, can cause skin irritation 
and inflammation.” 
 
 The Centers for Disease Control and Prevention (CDC) fact sheets (CDC, 2010a; 
CDC, 2010b) during DWH stated the following related to skin impacts of Corexit 
9500 and 9527: 
o “Ingredients are not considered to cause chemical sensitization; the dispersants 
contain proven, biodegradable, and low toxicity surfactants.” 
o “Defatting and drying of the skin and possibly dermatitis, as a result of prolonged 
exposure.” 
o “Skin contact may aggravate an existing dermatological condition.” 
 
2. It is of paramount importance that the results of a risk assessment and its uncertainties 
should be communicated effectively to the diverse stakeholders in the clearest and most 
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transparent way to build trust in affected communities (Covello et al., 1989, Nighswander 
et al., 1999; Fall et al., 1999; Yender et al., 2002; White, 2011; Walker, et al., 2014).  
3. CBPR is a valuable approach for risk communication and for gaining stakeholder 
acceptance. (Brown et al., 2012; Wilson et al., 2015).  
4. Risk communication needs to take into account language as well as local customs, 
culture-based ideas concerning edibility, and traditional knowledge (Fall 1999; Fall et al., 
1999; Nighswander and Peacock, 1999).  
5. Perception of risk among individuals within impacted populations varies and may differ 
substantially from scientifically estimated risk. 
6. Tolerance of risk also varies greatly among individuals. For example, people are often 
less willing to accept involuntary risk than voluntary risk (e.g., oiled fish vs. smoked fish) 
(Nighswander and Peacock, 1999; Yender et al., 2002). 
7. An evaluation of risk communication in the news media related to seafood consumption 
after DWH suggests the public health community could improve risk communication by 
reaching out to newswires and online news aggregator services to help frame 
communications (Greiner et al., 2013). 
Uncertainties: 
1. It is unknown whether people impacted by a spill are aware of, or know how to obtain, 
relevant hazard information (e.g., III. Risk Communication, Knowns #1), some of which 
may be highly technical in nature.  
2. The extent to which “cultural conflicts between the local populace and outside 
experts...can exacerbate risk communication problems” is unknown (Nighswander and 
Peacock, 1999).  
3. The scientific process is complicated and iterative by nature and tends to produce results 
that may be conflicting and warrant resolution, making risk communication challenging. 
The litigious nature of oil spills may exacerbate this problem.   
4. Effective methods of communicating the full range of health risks and the uncertainties 
associated with its assessment to Alaska Natives and other stakeholders are not well 
developed. 
 
IV. Arctic Seafood Safety  
General Statement: 
This section will primarily discuss the state-of-the-science with respect to seafood safety as it 
relates to dispersants and dispersed oil. In the context of the Arctic, seafood consists of fish 
(anadromous and marine), marine mammals, marine invertebrates, and birds. It includes food 
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harvested for traditional, commercial, recreational, and personal use. As used in this section, the 
meaning of the term “edible” would be determined by the food consumption norms of a region. 
 
This section will not address other aspects of Arctic food security, which involve nutritional 
value of the food and its cultural significance, availability, and accessibility. Arctic food security 
is a complex and important issue; the reader is referred to the following references for more 
information (CCA, 2014; ICC-AK, 2015). 
 
Knowns: 
1. National seafood consumption rates, including species consumed and portions of animals 
consumed, are not representative of likely higher consumption by local populations in the 
Arctic.  
2. From the perspective of subsistence food safety, there are data on consumption patterns 
in Arctic Alaska, Canada, and Greenland.  The jurisdictions in these three regions have 
differing standards, but they often cooperate fairly closely in contaminant/toxicology and 
exposure research, in the form of the existing Arctic Council programs (e.g., Arctic 
Monitoring and Assessment Programme (AMAP)).  
3. For Alaska, the critical importance of subsistence foods, and the composition and 
dimensions of harvests (a surrogate for general levels of consumption) are known for all 
coastal areas and most communities.  Data are available through the Alaska Department 
of Fish and Game’s (AKF&G) Community Subsistence Information System (CSIS) 
available on-line (AKF&G, 2015a website), AKF&G’s, 2015b website), and other 
sources (e.g., Braund & Associates, 2012; North Slope Borough, 2015 website). 
4. A variety of factors and assumptions (e.g. consumption rates, age sensitivity) are used to 
derive levels of concern (LOC) for specific contaminants. LOCs are human health risk-
based values used to establish protocols for the re-opening of areas affected by oil spills 
(U.S. FDA, 2010; Gohlke et al., 2011; OEHHA, 2015).  
5. PAHs in edible tissues of molluscan shellfish will depurate more slowly (typically weeks 
to months) (Mearns et al., 2014), compared to finfish and crustaceans (typically days to 
weeks) (Eisler, 1987; Yender et al., 2002; Helton et al., 2004; Watson et al., 2004; Ylitalo 
et al., 2012). However, it is important to note that studies vary as to the type of oil, 
species type, the exposure period, and the environmental conditions. Uptake and 
depuration of PAHs and other petroleum-derived compounds will vary by chemical 
structure, biological species, and prevailing oceanographic conditions (Yender et al., 
2002). Following the dissipation of oil after a spill, residual and nonvolatile oil 
compounds in the environment can be remobilized and cause transient increases in PAH 
levels in seafood species that would be expected to be below peak levels occurring during 
the spill (Yin et al., 2015). 
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6. Fisheries may be closed after an oil spill for reasons other than human health risks (e.g., 
Coast Guard security zone, economic factors associated with perception of risk) (Moller 
et al., 1999; Yender et al., 2002; Wickliffe et al., 2014). 
7. During the DWH incident, the U.S. FDA (2010) developed a protocol for re-opening oil-
impacted areas closed to seafood harvesting once oil is no longer visible on the water. 
The protocol specifies that the waters can be re-opened if PAH and DOSS concentrations 
in seafood (oysters, crabs, shrimp, and numerous species of finfish) are below levels of 
human health concern (Ylitalo et al., 2012).   
8. Because of the chemical properties of DOSS (Acros Organics, 2014) and its persistence 
in the environment, it was selected to be a marker for Corexit 9500 and 9527 (Dickey and 
Dickhoff, 2011).  
Uncertainties: 
1. The extent to which environmental factors unique to the Arctic may influence the 
bioaccumulation or biomagnification of oil- and dispersant-related components is not 
well understood. 
2. Specific information about the consumption of subsistence foods by age and sex within 
“sensitive subgroups” (e.g., Alaska Native populations, pregnant women, young children, 
others who may be at increased risk from exposure) is very limited for risk assessments 
that are targeting these subgroups or segments of them.    
3. The seafood safety ramifications of dispersants and dispersed oil are inadequately 
characterized in the Arctic environment.  
4. Bioaccumulation and depuration rates of oil- and dispersant-related components in edible 
seafood tissue resulting from exposure to dispersed oil in the Arctic environments are not 
well characterized.  
5. The ability of dispersants to alter the bioavailability and toxicokinetics of oil-related 
compounds in seafood species is not well characterized in Arctic environments.  
6. Distribution patterns and levels of dispersant compounds and dispersed-oil components 
within various marine-based foods consumed by indigenous Arctic peoples is not well 
described. 
7. The public health consequences of reduced seafood consumption as the result of a spill 
are not well studied.  
8. The seafood safety ramifications of some dispersant formulations are inadequately 
characterized toxicologically or environmentally under conditions of use in the field and 
potential exposures, particularly in the Arctic environment.  
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9. It is unclear if regulatory policies (i.e., closing and re-opening) that limit commercial 
marine harvest in response to an oil spill will be as effective amongst an indigenous 
population of subsistence fishers, as it is in other parts of the world.  
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